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In addition to distinguishing a cyst from sold breast tumors, gray-scale ultrasonography (US) can be used to help differentiate benign from malignant solid lesions. To improve the specificity of US interpretation, Stavros et al. (1) used a strict classification scheme to predict the benignity of 750 solid breast masses detected by US. Of the 424 masses that were predicted to be benign, only two, one invasive ductal carcinoma and one metastatic lung cancer, proved to be malignant with 99.5% (424 of 426) negative predictive value and 98.4% (123 of 125) sensitivity. This study suggests that a short interval follow-up is a reasonable alternative to the biopsy of lesions that are probably benign on the basis of US results. However, these results were not consistently achieved by other investigators.
Circumscribed cancers can be misclassified as probably benign, American College of Radiology Breast Imaging Reporting and Data System (BI-RADS) category 3 lesions (2 5). Parker et al. (2) evaluated 124 solid breast nodules with US before core needle biopsy and provided a BI-RADS final assessment category to indicate the probability of malignancy. Of the 54 category 3 lesions, one was noted to be a 9-mm high-grade invasive ductal carcinoma. In a study of 162 solid breast nodules, one out of three reviewers interpreted one medullary and three invasive ductal carcinomas as benign at US (3). To our knowledge, the relationship between the level of suspicion at US and the histologic grade in patients with invasive ductal carcinoma has not been investigated.
The purpose of this study was to correlate the final assessment at US and histologic grade in patients with invasive breast cancer.
Materials and Methods
Between December 1999 and January 2002, 600 women (age range, 27 74 years; median age, 52 years) with breast masses detected clinically, mammographically, or ultrasonographically and scheduled for USguided needle biopsy (n=559) or surgery (n=41) were prospectively examined with gray-scale US. US-guided needle biopsy or surgery in the 600 women revealed 261 cancers (234 cases of invasive cancers and 27 cases of ductal carcinomas in situ) and 339 benign lesions. Of the 234 patients with invasive cancers, 186 patients (age range, 27 71 years; median age, 51 years) were invasive ductal carcinomas not previously diagnosed and composed our study population. Of the 186 patients with breast cancer, 110 (59%) presented with a palpable mass and ten presented with bloody nipple discharge.
The histologic grade of the 186 invasive ductal carcinomas were classified as follows, 22 (9%) low grade lesions, 91 (50%) intermediate grade lesions, and 73 (41%) high grade lesions. The Elston-Ellis method of tumor grading was used for histologic grading (6) , in which a score of 1 3 was assigned for (a) tubule formation, (b) pleomorphism, and (c) mitotic count. The total score could range from 3 to 9, with a total of 3 5 representative of grade 1, a total of 6 or 7 representative of grade 2, and a total of 8 or 9 representative of grade 3. The histologic diameter of the lesions were 0.4 5.9 cm (mean, 1.7 cm). Axillary lymph node involvement was found in 56 (30%) patients. Approximately 97% (180 of 186) of the cases were interpreted by one pathologist without information about imaging results.
On the mammograms, the breast cancers were seen as a mass in 79 cases; a mass with microcalcifications in 56 cases, asymmetric density in 23 cases and architecture distortion in four cases. In 24 (13%) patients no mammographic abnormalities were found. Of the 186 patients, 21 (11%) had entirely fatty breasts (grade 1), 36 (19%) had scattered fibroglandular tissues in fatty breasts (grade 2), 67 (36%) had heterogeneously dense breasts (grade 3), and 62 (33%) had extremely dense breasts (grade 4).
All US examinations were performed by two experienced radiologists with knowledge of clinical and mammographic findings. A 10-or 12-MHz linear array probe (HDI 3000 and HDI 5000; Advanced Technology Laboratories, Bothell, Wash, U.S.A.) was used in 128 patients and a 13-MHz linear array probe (LOGIQ 700; GE Medical Systems, Milwaukee, Wis, U.S.A.) was used in 58 patients. US examinations were performed with the patient in the supine position with arms raised. Scanning was done in radial and antiradial planes as well as longitudinal and transverse planes. The examinations took approximately 20 minutes (range, 15 35 minutes).
All US images were prospectively analyzed and assessed in consensus by two radiologists prior to biopsy and a BI-RADS final assessment category was issued to indicate the probability of malignancy. On the US, the size of the mass was measured at the location of the greatest dimension. The lesions were described according to the shape as oval, round, or irregular; according to the orientation as wider than tall or taller than wide; according to the margin as circumscribed, microlobulated, ill-defined, or spiculated; according to the echogenicity compared to the subcutaneous fat as hyperechoic, isoechoic, mildly hypoechoic, or markedly hypoechoic; according to the echotexture as homogeneous or heterogeneous; according to the acoustic transmission as enhancement, normal, or shadowing; according to the boundary echo as absent or echogenic halo; and according to the calcifications as absent or present (1, 7). On the US, the criteria for classification of a tumor as malignant were, findings of irregular shape, tumor height greater than width, non-circumscribed margins, marked hypoechogenicity, a heterogeneous internal echo, posterior acoustic shadowing, a thick boundary echo, and calcifications (1). A BI-RADS assessment was provided based on the cumulative findings from mammography and US in each case. In breast cancers classified as probably benign lesions at US, a retrospective analysis of imaging findings was performed by the same radiologists who interpreted the US examination to investigate the reason for misclassification.
The imaging findings and the final assessment category of US were compared with histologic grade. The Spearman rank correlation coefficient was used to assess the correlation between the final assessment category of US and the histologic grade in patients with invasive ductal carcinoma not previously diagnosed using a statistical software system (SAS for Windows, version 6.12; SAS Institute, Cary, NC). Statistically significant correlations (p<.05) were considered substantial when the correlation coefficient (r value) was at least 0.700 (8) .
Results
US results of 186 invasive breast cancers not previously diagnosed are summarized in Table 1 . The mean lesion size at US was 1.7 cm (range, 0.4 5.2 cm, median, 1.6 cm). Seventy-seven (41%) were 1.5 cm or smaller and 109 (59%) were larger than 1.5 cm.
On the US, an irregular shape (n=175), ill-defined margin (n=121), mild hypoechogenicity (n=124), and heterogeneous echotexture (n=144) were the predominant findings, but an oval shape (n=2), circumscribed margin (n=3), and isoechogenicity (n=9) were also seen 281 With US, the final assessment of the 186 cancers were three (2%) category 3 (probably benign), 115 (62%) category 4 (suspicious) and 68 (37%) category 5 (highly suggestive of malignancy). All breast cancers misclassified as probably benign category were high-grade tumors. One of the three cancers was palpable and two were nonpalpable. Typical benign breast mass characteristics such as oval shape (n=2), circumscribed margin (n=3), homogeneous echotexture (n=2), and posterior acoustic enhancement (n=2) were seen in these cancers (Fig. 3) .
Of the 22 low-grade tumors, none were assessed as category 3, 14 (64%) were assessed as category 4, and eight (36%) were assessed as category 5. Of the 73 highgrade tumors, three (4%) were assessed as category 3, 44 (60%) were assessed as category 4 and 26 (36%) were assessed as category 5. Of the 91 intermediate-grade tumors, none were assessed as category 3, 57 (63%) were assessed as category 4, and 34 (37%) were assessed as category 5. The correlation between the final assessment on US and histologic grade was not significant (r= 0.101, p=0.06).
Retrospectively, misinterpretation of the mass margins was the reason for the classification of breast cancers as probably benign on US in one of three cases. The margins of the masses were originally interpreted as circumscribed in all cases. In retrospect, one mass did not strictly meet the criterion of circumscribed margin. The margin of the mass was regarded as partially circumscribed and partially ill-defined (Fig. 3) . No remarkable errors were found in the interpretation of other imaging findings such as shape, orientation, echogenicity, echotexture, acoustic transmission, boundary echo, and calcifications.
282 Fig. 2 . Intermediate-grade invasive ductal carcinoma, in a 45-year-old woman. Antiradial US scan shows a 2.1-cm ill-defined hypoechoic mass in the right breast. The final assessment prior to biopsy was BI-RADS category 5, highly suggestive of malignancy. 
Discussion
This study and others (9 11) have shown that the classical appearance of a malignant breast mass as a spiculated mass on mammogram associated with posterior acoustic shadowing on US is more typical of a lowgrade tumor. In comparison, high-grade tumors are more likely to demonstrate posterior acoustic enhancement, and a proportion has a circumscribed margin on US. In this study, a spiculated margin and posterior acoustic shadowing on US was seen in 59% (13 of 22) of low-grade tumors compared to 7% (five of 73) in highgrade tumors. Posterior acoustic enhancement at US was seen in 33% (24 of 73) of high-grade tumors compared to none in low-grade tumors. Three (4%) of the 73 high-grade tumors had a circumscribed margin. Previous studies which have examined the relationship between US characteristics and pathological features of breast cancer have attributed particular importance to the presence of fibrous connective tissue in those cases that demonstrate posterior acoustic shadowing, the socalled desmoplastic reaction (12, 13) . Conversely it has been suggested that those tumors which demonstrate posterior acoustic enhancement are more cellular and have more hyaluronic acid in the extracellular matrix (14) . High-grade tumors or typical medullary carcinomas tend to be more cellular and tend to incite lymphoplasmacytic rather than fibroelastotic host response compared to low-grade tumors or tubular carcinomas.
The results of this study suggest that high-grade invasive ductal carcinomas may display similar imaging features to benign breast masses. Three (2%) of the 186 invasive breast cancers were prospectively misclassified as probably benign at US based on typical benign characteristics such as oval shape, circumscribed margin, isoechogenicity, homogeneous echotexture, and posterior acoustic enhancement. These cases did not show typical features of malignancy; however, one of the three cancers did not meet all of the criteria of benignity defined in the strictest sense when reviewed with knowledge of the biopsy result. In retrospect, the malignant mass had partially ill-defined margins. The criteria for differentiating benign from malignant solid masses should be strictly applied, as emphasized by Stavros et al (1) .
It has been reported in anecdotal cases that power Doppler US reveals prominent tumor vessels in breast lesions otherwise considered to be probably benign at gray-scale US and mammography (15 17) . Circumscribed cancers such as medullary, papillary, and metastatic cancers often show hypervascularity at power Doppler US whereas spiculated cancers such as tubular carcinomas or invasive lobular carcinomas are avascular in the majority of the cases (18, 19) . Further study is needed to determine whether power Doppler US has the potential to reduce false-negative rates in gray-scale US.
ACR BI-RADS US lexicon was published recently with illustrated examples (20, 21) . Application of this standardized US lexicon would be helpful to decrease interobserver variability in US interpretation. Lack of uniformity among observer's use of descriptive terms for solid breast masses has been known to be the cause of inconsistent diagnoses (22) .
In conclusion, breast cancers showing a spiculated margin and posterior acoustic shadowing on US were mainly low-grade tumor whereas breast cancers showing benign US features were high-grade tumors.
